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1 

PREFABRICATED ENCLOS ED DOUBLE PLATE HEAT TRANSFER 
PANEL AND. ITS USES 



BACKGROUND OF THE INVENTION . 
Field of the Invention (technical Field) r 
5 The present invention relates to the structure, method of 

fabrication and uses of heat transfer panels with prefabricated main 
panel bodies and reinforced manifold conduits. It is related in general 
to heat transfer equipment and is particularly related to enclosed 
double plate heat transfer panels. A panel is used to conduct a gas- 

10 liquid interaction in ari internal fluid or fluids inside the panel and 
to have heat interaction with an external fluid that undergoes a 
complementary operation. The fluid(s) inside may undergo vaporization, 
condensation, gas absorption, gas desorpt ion, exothermic and endothermic 
chemical reactions and simple fluid heating and cooling; the fluid 

15 outside may undergo vaporization, condensation, desublimation, gas 
absorption, gas desorption, exothermic and endothermic chemical 
reactions and simple fluid heating and cooling. The present invention 
is therefore generally related to gas-liquid interactions and associated 
heat transfer operations. 

20 Background Art : 

There are two major types of enclosed double plate heat transfer 
panels commercially available These are (a) inflated double plate 
panels and (b) stamped double plate panels. 

An inflated double plate panel is made by placing two rectangular 
25 sheets of metal together., welding the two sheets together by spot 

welding in some staggered pattern, seam welding the four edges to form 
an assembly, providing an opening and inflating the assembly to form 
multitudes of pillows. Internal manifold conduits are provided for 
feeding and discharge by properly arranging the welding pattern. 
30 Companies in the U.S. that manufacture inflated heat transfer panels are 
Mueller Co. in Springfield, Missouri, Turbo in Denton, Texas, and 
Rosenblad in Princeton, New Jersey. 



A stamped enclosed double plate heat transfer panel is made from 
two sheets of metal, A-sheet and B-sheet. At least one sheet, say A- 
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sheet, Is stamped by a large hydraulic press to form an array of strips 
of high and low regions . .The entire sheet is either formed in a single 
operation or in a few operations, by using a set of rather big stamping 
dies. The stamped plate is also provided with formed edges, " When the 
5 two sheets are welded together, a unitary assembly with strips of welds, 
a set of processing conduits and two internal manifold conduits is 
formed. The internal manifold conduits are made from the two sheets of 
metal by proper edge forming and proper welding operations . Companies 
in the United States of America that produce stamped enclosed heat 
10 transfer panels are Tranter Co. of Wichita Falls, Texas, Dean Products, 
Inc. of Brooklyn, New York, and Entex, Inc. of Iowa Park, Texas. 

Some key features of conventional heat transfer panels are 
summarized as follows: 

(1) There is no conventional panel that provides means for 
15 applying liquid film on the inside surface of the panel. 

(2) There is no conventional panel that has textures on the 
inside surface to enhance wettability and drainage and 
thereby enhance heat and mass transfer rates. 

(3) There are inherent weak spots near the intersections of 
20 manifold conduits and processing conduits. 

SUMMARY OF THE INVENTION 
(DISCLOSURE OF THE INVENTIONS 

The present invention relates to the structures, method of 
fabrication and uses of high performance enclosed double plate heat 

25 transfer panels. In most applications, a panel of the present 
invention, designated as a PRE-FAB panel, is used to conduct an 
interaction between a gas phase mass and a liquid phase mass inside the 
panel. Such an operation Is simply referred to as a gas-liquid 
interaction. Such an interaction also requires a heat interaction such 

30 as heat addition or heat removal. The heat interaction is done with a 
fluid outside of the panel, which undergoes a complementary operation to 
absorb the interaction. Gas-liquid interactions requiring heat inputs 
are (a), vaporization, (b) desorption, and (c) endothermic chemical 
reactions; gas-liquid interactions requiring heat removal are (a) 
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reactions; gas-liquid interactions requiring heat removal are (a) 
condensation, (b) absorption, and (c) exothermic chemical reactions. A 
PRE-FAB panel can be operated, to .provide a large gas-liquid interface 
area inside and provide enhanced heat and mass transfer rates. It is 
5 noted that in some gas-liquid interactions , such as condensation, a 
liquid film is generated on the inner surface of the panel; in most 
other cases , a liquid film h£s to be applied on the inner surface of the 
panel. It is also noted that a PRE-FAB panel may be used to form a 
jacketed vessel and several panels may be assembled into a bank of 
10 panels . 



A PRE-FAB panel incorporates one or more of the following 
features : 

(1) A PRE-FAB panel may comprise a prefabricated main panel 
body, a reinforced feed manifold conduit and a reinforced 

15 discharge manifold conduit. The main body has an array of 

alternately contacting strips and a multitude of processing ' 
; conduits. The reinforced manifold conduits may either be 
reinforced internal conduits or strong external conduits. 

(2) Means of applying liquid may be provided to apply a liquid 
20 film on the inside surface of each processing conduit of the 

main panel body. 

(3) When a panel is used with applied liquid film, the inner 
surface of each processing conduit may be textured in one of 
many ways to improve wettability, and to provide mini- 

25 agitation to thereby improve heat and mass transfer rates. 

(4) When the interaction in a PRE-FAB panel generates a liquid 
film, such as in a condensation operation, the inner surface 
of each processing conduit may be fluted to enhance draining 
of the liquid and thereby improve the heat and mass transfer 

30 rates. . .. 

(5) A pre-fabricated main panel body may be used to form a 
jacketed vessel. A manufacturer may supply prefabricated 
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main panel bodies to local fabricators which transform them 
into jacketed vessels. 

The fluid, outside of a panel may undergo an operation such -as (a) 
vaporization, (b) condensation; (c) desublimation, (d) humidification, 
5 such as evaporative cooling, (e) absorption, (f) desorption, (g) 

endothermic chemical reaction, (h) exothermic chemical reaction, (i) 
simple fluid heating, or (j) simple fluid cooling either to supply heat 
to or remove heat from the fluid inside of the panel. 

The uses of PRE-FAB panels of the present invention have many 
10 advantages such as (1) only a few types of prefabricated main panels 
have to be produced and they can be mass produced by highly automated 
operations, (2) external manifold conduits of various diameters, proper 
strength and proper sizes of perforations can be readily produced, (3) 
customers' needs can be readily filled by bonding properly selected 
15 external manifold conduits to proper main bodies, (4) a very small 

inventory is needed to meet market needs, (5) heat and mass transfer" 1 * 31 

-,- (r > 

rates are greatly enhanced. i s c: >l\ 

Other objects, advantages, and novel features, and further scope 
of applicability of the present invention will be set forth in part in 

20 the detailed description to follow, taken in conjunction with the 

accompanying drawings, and in part will become apparent to those skilled 
in the art upon examination of the following, or may be learned by 
practice of the invention. The objects and advantages of the invention 
may be realized and attained by means of the instrumentalities and 

25 combinations particularly pointed out in the appended claims. 

BRIEF DESCRIPTI ON OF THE DRAWINGS 
The accompanying drawings, which are incorporated into and form a 
part of the specification, illustrate several embodiments of the present 
invention and, together with the description, serve to explain the 
30 principles of the invention. The drawings are only for the purpose of 
illustrating a preferred, embodiment of. the invention and are not to be 
' construed as limiting the invention; 

Figure 1 illustrates the conventional approach in producing 
enclosed double plate heat transfer panels; Figure 2 illustrates the 
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present PRE— FAB approach in producing heat transfer panels. Together, 
the two figures illustrate the advantages of the PRE-FAB approach. 

Figures 3 through 10 illustrate various ways of .constructing 
enclosed double plate heat transfer panels, various ways of constructing 
5 external manifold conduits and various ways of bonding the external 
manifold conduits to prefabricated main panel bodies. 

Figures 11a and lib illustrate the structure of an external 
manifold conduit with small spray openings for applying thin liquid film 
on the inside surfaces of processing conduits of a PRE— FAB panel and how 
10 it is bonded to a main panel body. 

Figures 12a and 12b illustrate the structure of an external 
manifold conduit with a large opening and how it is bonded to a main 
panel body. This type of conduit is used in introducing a vapor or 
liquid stream into and collecting a liquid stream or a liquid-vapor 
15 mixture from a main panel body. 

Figures 13, 14, and 15 show various ways of texturing the inner 
surfaces of processing conduits of PRE-FAB panels when liquid films are 
applied in the panels. The texturing may be accomplished by sand 
blasting, bead blasting, rolling, knurling, etc. 

20 Figure 16 illustrates the principle of fluting the surface of a 

panel to increase heat and mass transfer rates when liquid film is 
generated by condensation or by a chemical reaction. Figure 17 
illustrates the inner surface of a processing conduit on which flute 
grooves have been applied. 

25 In most cases, a PRE-FAB panel is rectangular and has four edges. 

The first and second edges are in the direction perpendicular to the 
processing conduits and are the edges along which external manifold 
conduits are bonded. The remaining edges are referred to as the third 
edge and fourth edge. These, two edges have to be sealed. Figures 18 

30 and 18a illustrate one way of sealing the edges. Figures 19 and 19a 
illustrate another way of sealing the edges. 
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Figures 20 and 21 illustrate the structure and method of 
fabrication of a Type A PRE-FAB panel. A Type A panel is used when 
liquid film is applied to the inner jsurface of each processing conduit. 

Figures 22a and 22b show cross sections of a double stamped plate 
5 Type A panel and single stamped plate Type A panel in the direction 
perpendicular to the direction of the processing conduits. 

Figures 23 and 24 illustrate the structure and method of 
fabrication of a Type B PRE-FAB panel. A Type B panel is used when 
liquid film is generated by condensation or chemical reaction on the 
10 inner surface of each processing conduit. 



Figure 25 illustrates the structure and method of fabrication of a 
Type C PRE-FAB panel. A Type C panel can also* be used when liquid film 
is generated in the processing conduit. A Type C panel can also be used 
when a liquid is subjected to pool vaporization. 

15 Figure 26 illustrates the structure and method of fabrication of a 

Type D PRE-FAB panel. A Type D panel can be used when the inside fluid 
is subjected to a simple fluid heating or fluid cooling operation. 

Figures 27, 27a, and 27b illustrate the structure of a single 
• stamped PRE-FAB main panel body. It is noted that only one sheet is 
20 stamped and the flat sheet is larger than the stamped sheet. Figures 28 
and 29 illustrate jacketed vessels made of prefabricated single stamped 
main panel bodies. 

PESCRIPTION OF THE PREFERRED EMBODIMENTS 
(BEST MODES FOR CARRYING OUT THE INVENTION*) 

25 The present invention relates to the structures, method of 

fabrication and uses of new enclosed double plate heat transfer panels, 
referred to as PRE-FAB panels. In most applications, some kind of gas- 
liquid interaction takes place within the panels and heat interactions 
take place between the fluids inside and the fluids outside the panels. 

30 The major objectives of the invention are (1) to adopt a prefabrication 
approach to the industry, (2) to increase the strength of a panel, (3) 
to increase heat and mass transfer rates, and (4) to provide heat 
transfer panels with large processing conduits. 
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Figure 1 illustrates the conventional approach for producing 
enclosed double plate heat, transfer panels. A conventional panel is 
made of two sheets of metal, at least one sheet is formed into a shape 
that has a main region and edge regions, the main region having 
5 alternate strips of high regions and low regions and some of the edge 
regions being formed into manifold conduit shapes. When the two sheets 
are bonded together, they become a unitary assembly having a multitude 
of processing conduits in the main region and two or more internal 
manifold conduits at some edges of the panel. Therefore, a specific die 
10 is needed to form metal sheets for each type of panel. A conventional 
panel manufacturer either has to keep a large inventory for various 
types of panels or has to take a long lead time in meeting customers' 
needs . 



Figure 2 illustrates the PRE-FAB Panel approach of the present 
15 invention. According to this new approach, the panel production process 
comprises a first step of producing a few types of prefabricated main 
panel bodies (PRE— FAB main bodies), a second step of producing a few 
types of reinforced manifold conduits, and a third step of bonding 
proper reinforced manifold conduits to an appropriate prefabricated main 
20 panel body. Only a few types of prefabricated main panel bodies are 

produced in a large quantity by a highly automated production method and 
are stocked as intermediate products. Then, the need of a customer is 
readily met by bonding proper reinforced manifold conduits to an 
appropriate main panel body. The PRE-FAB Panel Approach greatly reduces 
25 the inventory of a manufacturer and greatly reduces the lead time needed 
to meet the need of a customer. The PRE— FAB Panel Approach enables a 
manufacturer to produce many types of panels by matching a few types of 
external manifold conduits with a few types of main bodies. 

Figure 3 illustrates the structure of a conventional panel. The 
30 panel 1 comprises two sheets of metal 2,3 each sheet being formed by a 
stamping operation to have an array of alternate strips of high 
regions 4 and low regions 5 in the main part of the sheet and manifold 
conduit region 6 along a first edge and a second edge of the sheet. 
When the two sheets are brought together and bonded together by welding 
35 the low region 5 and along the two edges 7 of the sheets, a unitary 

assembly is formed. A multitude of processing conduits are formed in 
the main part and two manifold conduits are formed along the first and 
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second edges. A panel is completed by sealing the remaining two edges. 
It is noted that two edge regions of each sheet are formed and bonded to 
form the manifold conduits; therefore, these conduits are referred to as 
internal manifold conduits.. The thickness of the metal- in the edge 
5 regions is the same as the metal in the main part of the panel. The 
first welds 8 that are the welds that are closest to the intersection 
regions between the processing conduits and the manifold conduits are 
inherently weak spots of a conventional panel. In order to overcome 
this inherent weakness problem, a sheet of metal of a thickness greater 
10 than the thickness needed to sustain the pressure in the main body is 
used. This is a major disadvantage of the conventional panels. 

In a panel of the present invention, some kind of reinforcement is 
used to overcome the inherent weakness problem. Several ways of 
reinforcement are illustrated in Figures 4 through 10. One may use a 

15 stress member inside of an internal manifold conduit; one may use a 
strong channel to form a manifold conduit. One may bond external 
manifold conduits of proper strength to be welded to a main panel body. 
It is noted that in a panel of the present invention, the metal sheet 
used only has to be of a thickness needed to sustain the operating 

20 pressure for the main part of the panel. A substantial savings in 

material can therefore be realized. It will also be noted that some of 
the methods used in providing reinforced manifold conduits work very 
well with the PRE-FAB Panel Approach described. 

Figure 4 illustrates a panel 9 with internal manifold conduits and 
25 a tension or stress member in each manifold conduit. It comprises two 
sheets of metal 10 and 11 formed and bonded by procedures described by 
referring to Figure 3. It therefore has a multitude of processing 
conduits 12 and internal manifold conduits 13. There is a tension or 
stress member 14, bonded by welds 15, holding the two sheets of metal 
30 together along with manifold conduits to thereby reinforce the otherwise 
inherently weak welds 16. The thickness of metal used In fabricating a 
panel Illustrated by Figure 4 can be thinner than that used in 
fabricating a panel illustrated by Figure 3, when both are used for the 
same internal pressure. The stress members are provided with 
35 perforations to distribute fluid flow and collect fluid into the 
manifold conduits. 
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Panels illustrated by Figures 5 through 10 all use prefabricated 
main panel bodies (PRE-FAB main bodies) and external manifold conduits. 
Therefore, the structure .of a PRE— FAB main body is explained to avoid 
repetition. A .PRE-FAB body is made of two sheets of metal, A«^sheet and 
5 B-sheet. At least one sheet, say A-sheet, is formed to form an array of 
alternate strips of high regions and low regions. There are a first 
edge and a second edge along the direction perpendicular to the strips 
and there are a third edge and fourth edge along the direction parallel 
to the direction of the strips.. The first and second edges are not 
10 formed into manifold conduit form, but rather are formed into short flat 
flanges or notched to accept external manifold conduits or channels. 
Therefore, the panel formed from the metal sheets do not have internal 
manifold conduits . The third edge and fourth edge have to be welded 
shut to pressure-isolate the inside of the panel from the outside. 

15 Figure 5 illustrates a panel 17 with a PRE-FAB main body 18 with 

short flat flanges 19 along the first edge and second edge and two 
external rectangular manifold conduits 20 bonded to the flat flanges by 
welds 21. The rectangular conduits reinforce the inherent weak 
spots 22. The rectangular conduits may be replaced by conduits of 

20 various shapes provided with flat regions for welding to the short flat 
flanges of the main body. 



Figure 6 illustrates a panel 23 with a PRE-FAB main body 24 with 
flat flanges 25 along the first edge and a second edge and two 
rectangular manifold conduits with proper perforations 26 fitted within 
25 the space between the two flanges and bonded to the flanges with 
welds 27, The rectangular conduits reinforce the inherent weak 
spots 28. 



Figure 7 illustrates a panel that is similar to the panel 
illustrated by Figure 6, except that external manifold conduits 26a have 
30 a special shape to have a larger cross-sectional area, and they have a 
narrow section to fit in the space between the two flat flanges. 

Figure 8 illustrates a panel 29 that has a PRE-FAB main body 30 
with the first edge and second edge flared into circular shaped edges 31 
and two manifold conduits 32. The conduits are bonded to the main body 



WO 91/11252 



PCT/US91/00621 



10 

by welds 33. The conduits 32 and the welds 33 reinforce the inherent 
weak spots 34. 

Figure 9 illustrates a. panel 35 with a PRE— FAB main body .36 with 
notched flanges 37 along the first edge and the second edge. The 
5 notched flanges are properly shaped to accept circular manifold 

conduits 38 tightly and are welded to them by welds 39. The main body 
of this panel can be made by forming sheets of metal with an array of 
higft and low regions, notching the first and second edges and bonding 
two sheets together. The welds between the manifold conduits and the 
10 main body are not straight welds but follow a notched pattern. The 

welding can be accomplished by using a robot. The circular conduits and 
the welds reinforce the inherent weak spots 40. 

Figure 10 illustrates a panel 41 with a PRE-FAB main body 42 with 
short flat flanges 43 along the first edge and the second edge and two 
15 circular manifold conduits 44 welded to the main body by welds 45. The 
external conduits 44 and ;tlie .welds 45 reinforce the inherent weak 

spots 46^. r ; - ^ "X 

The main body of a heat transfer panel has a multitude of parallel 
processing conduits. In applying a liquid film to the inside surface of 

20 the panel, liquid has to be distributed to each processing conduit and 
for each side, A-sheet side and B-sheet side, at nearly the same flow 
rates. One may use small holes or an overflow weir to distribute the 
fluid. Figures 11a and lib illustrate a longitudinal cross-section and 
a transverse cross-section of a Type-A external manifold conduit 47 

25 provided with spraying holes 48. In use, a fluid passes through the 

conduit and the holes to apply small liquid streams to both sides of all 
the processing conduits. The hole size may be in the range of 0.010 
inch to 0.050 inch. The holes can be provided by using a laser unit, an 
EDM unit or a simple drill. Relatively small spray holes are used to 

30 have a high pressure drop across the holes as compared with the pressure 
dirop along the conduit in order to obtain a uniform fluid distribution. 
Figures 12a and 12b illustrate a longitudinal and transverse cross- 
section of a Type-B external manifold conduit provided with large 
holes 50. A Type-B conduit is used to introduce a vapor stream, a 

35 flooding flow of liquid into a panel, and to discharge a vapor stream or 
a mixed liquid-vapor stream from a panel. 
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Another key feature of the present invention is related to 
formation of liquid film on the inside surface of a panel. A proper 
formation of liquid film is important in providing a large gas-liquid 
interfacial area and in reducing heat transfer resistance. There are - 
5 two types of liquid film formation: viz. t the application type and the 
generation type. In an application type, such as in vaporization, a 
layer of liquid is sprayed on the inner surface of a panel; in a 
generation type, such as in condensation, a vapor stream is introduced 
into a panel and heat is removed from it to thereby generate a liquid 
10 film. A proper film formation is accomplished by properly coordinating 
the gas-liquid interaction conducted in a panel, the way of applying 
liquid and the way of texturing the inner surface. 



In using heat, transfer panels, some* gas-liquid interactions take 
place inside, some operations also take pl^ce outside and heat 
15 interactions take place across the panels. These are explained in 
detail as follows: 

(1) Operations that can be conducted inside panels: 

In most applications, some kind of gas-liquid interaction 
takes place inside of the panels, resulting in heat effects 
such as heat absorptions? or heat releases. Interactions 
requiring heat absorption are (a) vaporization, (b) gas 
desorption, and (c) endothermic chemical reactions; 
interactions resulting in heat releases are (d) 
condensation, (e) gas absorption, and (f) exothermic 
chemical reactions. One may also conduct a gas-solid 
interaction such as desublimation and a simple heating and 
cooling of fluids inside the panel. 



20 



25 



(2) Operations that can be conducted outside panels: 

Some operations take place within the fluid outside of a 
panel to absorb or release heat in coordination with the 
heat effect that takes place in the inside fluid. 
Operations in the outside fluids resulting in heat 
absorptions are (a) vaporization, (b) humidification, such 
as evaporative cooling, (c) desorption, (d) endothermic 
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chemical reactions, (e) sublimation, and (f) simple fluid 
heating; operations in the outside fluids resulting in heat 
releases are (g) condensation, (h) desublimation, (i) 
absorption, (j) exothermic chemical reactions r and (k) 
5 simple fluid cooling. 

(3) Interactions between the inside and outside zones: 

The heat effects resulting from operations taking place 
inside and outside of a panel are compensated by heat 
transfer across the panel wall. The heat has to transfer 
10 through the inner fluid, the wall, and the outer fluid. 

In order to enhance the rate of a given gas-liquid interaction in the 
inside fluid, it is essential to provide a large gas-liquid interfacial 
area, reduce the heat transfer resistance between the two zones and 
enhance mass transfer in the gas-liquid interaction. Formation of a 
15 liquid film accomplishes the desired effect. 

As application type liquid film formation is used for 
vaporization, gas absorption, gas desorption, and conducting chemical 
reactions involving gas phases and liquid phases. An application type 
liquid film formation is accomplished by (a) a liquid application step, 
20 such as spraying and (b) by wetting the plate surface. Wetting of the 
plate surface is enhanced by a proper texturing of the plate surface. 
Surface texturing can be accomplished by a blasting operation, such as 
sand blasting and bead blasting, by an abrasion operation or by 
scratching, rolling, and knurling operations. 

25 Figures 13, 14, and 15 illustrate the inside surfaces of 

processing conduits with surface textures. Figure 13 illustrates 
surface textures 51 provided by a bead blasting operation or by a sand 
blasting operation. Figure 14 illustrates a panel with mini-grooves 52 
in the direction perpendicular to the direction of the processing 
. 30 conduits; Figure 15 illustrates a panel with mini-grooves 53 in the 

direction parallel to the direction of the processing conduits . Liquid 
distribution rings may be placed at the top of each processing conduit 
to obtain a more uniform liquid distribution. 
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A generation type film formation is encountered in condensation 
and some kind of chemical reaction resulting in formation of a liquid 
phase, A proper texturing of the surface greatly improves heat transfer 
rate. A description of enhanced condensing surfaces is given in the ■ 
5 following references: Handbook of Evaporative Technology, by Paul E. 
Milton, Noyes Publication, 1986, pages 24-25. 

According to the reference, various devices have been used to 
improve condensation heat transfer by taking advantage of the surface 
tension forces exhibited by the condensate. One such device is the 

10 fluted condensing surface, first presented by Gregorig. The fluted 
condensing surface has a profile similar to that shown in Figure 16. 
Surface tension of the curved liquid-vapor interface produces a large 
excess pressure in the condensate film adjacent to the crests 54 of the 
flutes. This causes a thinning of the film in that region, resulting in 

15 very high local heat transfer. The surface tension mechanism causes the 
condensate to accumulate in the troughs 55 . Condensate is removed by 
flowing vertically downward in the troughs. Enough condensate 
accumulates in the troughs within a short distance from the top of the '* ""■ 
tube to make heat transfer in the troughs negligible. Thus, heat 

20 transfer, averaged around the circumference of the tube, is essentially 
independent of the tube length as long as the troughs are not flooded. 

Although only a portion of the tube surface is available for 
condensation, the mean heat-transfer coefficient over the total surface 
is 5 to 10 times that of a smooth tube of equivalent length. Heat 
25 transfer on a fluted tube approaches that of dropwise condensation. The 
flute profile is determined by the properties of the condensate . Fluids 
with lower surface tensions require flutes with a more pronounced 
curvature. The trough geometry is also determined by the amount of 
fluid to be removed and the fluid properties. 

30 Fluted surfaces can also be designed for horizontal applications. 

However, this application has not been as extensively tested as have 
flutes for vertical tubes. Roped or swaged tubes are also used. 

Figure 17 illustrates a PRE-FAB panel with horizontal processing 
conduits. The inner surface is provided with fluted textures 56 to 
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improve heat transfer rates by taking advantage of the surface tension 
effect explained above. 

It is noted that texturing of a PRE-FAB panel - can be easily done 
by texturing the two sheets of metal before they are bonded together to 
5 become a panel. 

Figures 18, 18a, 19, and 19a, illustrate ways of sealing the third 
edge and fourth edge of a PRE-FAB main body. Referring to Figures 18 
and 18a, the panel may be cut at the edge of a groove. The groove 
region is spot welded 57 and the free edge 58 is welded to seal the 
10 panel. Referring to Figures 19 and 19a, the main body is cut at the 
midpoint of the high region 59, where a channel, a tube, or a flat 
bar 60 is inserted and welded 61 to seal the panel. 

Figures 20 and 21 illustrate the structure and method of 
fabricating a Type-A panel of the present invention. This panel is .used 

15 in an application in which a liquid film has to be formed inside of the 
panel. The operation taking place in the panel may be (a) vaporization, 
(b) gas absorption, (c) gas desorption, (d) chemical reactions involving 
gas and liquid phases. Figure 20 shows the parts used that are arranged 
in expanded positions prior to being put together; Figure 21 shows the 

20 final panel after the parts are put together. Referring to the figures, 
the panel comprises a PRE-FAB main body 62, an external feed manifold 
conduit 63, a feeding tube to the panel 64, and external discharge 
manifold conduit 65, a discharge tube from the panel 66, two edge 
bars 67a and 67b, two edge sealing plates 68a and 68b, two more edge 

25 sealing plates 69a and 69b, small perforations 70 provided on the 

feeding manifold conduit 63 to distribute liquid into the processing 
conduits and large openings 71 provided on the discharge manifold 
conduit 65 for collecting liquid, vapor, or liquid-vapor mixture from 
the processing conduits. 

30 A Type-A panel may be a double stamped plate panel or single 

stamped plate panel. In a double stamped panel, the main panel body is 
made of two 'sheets of metal, both are stamped to have an array of 
alternate strips of high regions and low regions. The two sheets are 
placed together back-to-back and the low regions are welded together. A 

35 cross-section of the panels taken at A-A and B-B before being bonded 
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together are respectively shown as 72 and 73 in Figures 20a and 20b. 
Cross-sections of the panel after the panels are bonded together at A-A 
and B-B are respectively, shown as 72 and 73 in Figures 21a and 21b. In 
a single stamped panel, the PRE-FAB pain body is made. of one sheet of 
5 formed plate and one flat sheet. The formed sheet is stamped to form an 
array of alternate strips of high regions and low regions. The low 
regions of the stamped plate are welded to the flat plate to form the 
main panel body. The manifold conduits are only half as thick compared 
with those of the double stamped plate panel. Cross-sections of the 

10 parts taken at A-A before being bonded are shown in Figures 20c and 20d; 
cross-sections of the bonded panel taken at A-A and B-B are shown in 
Figures 21c and 21d, respectively. Cross-sections of the double stamped 
plate panel and single stamped plate panel taken at positions C-C are 
respectively shown as Figures 22a and 22b. an alternate array of 

15 processing conduits 74,74a and bonded strips 75,75a are shown in each of 
these Figures. 

Figures 23 and 24 illustrate the structure and method of 
i u fabricating a Type-B panel of the present invention. The panel is used 
in an application in which a liquid film is generated inside of the 

20 panel. The operation taking place ifi the panel may be (a) condensation 
or (b) chemical reaction which forms a liquid phase mass from a gas 
stream. Figure 23 shows the parts arranged in expanded position prior 
to being put together; Figure 24 shows the final panel after the parts 
are put together. Referring to the Figures, the panel comprises a 

25 prefabricated main panel body 76, an external feed manifold conduit 77, 
a feeding tube to the panel 78, an external discharge manifold 
conduit 79, a discharge tube from the panel 80, two edge bars 81a 
and 81b, two sealing plates 82a and 82b, two more edge sealing 
plates 83a, 83b, large openings 84 provided on the feeding manifold 

30 conduit to distribute vapor feed into the processing conduits, and 

openings 85 provided in the discharge manifold conduits for collecting 
liquid product from the processing conduits. 

A Type-B panel can- also either be a single, stamped panel or a 
double stamped panel. A cross-section taken at position A-A of 
35 Figure 24 is shown as Figure 24a. 
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Figure 25 illustrates the structure and method of fabrication of a 
Type C panel of the present invention. This type of panel is used in an 
application in which a liquid is introduced from the bottom of the panel 
and the liquid boils within, the panel. The. panel comprises a PRE-FAB 
5 main body 86, and external feed conduit 87, an external discharge 

conduit 88, a liquid feed line 89 and a vapor discharge line 90. The 
part arrangement and fabrication method are similar to those described 
in connection with the Type A and Type B panels. 

. Figure 26 illustrates the structure of a Type D PRE-FAB panel. 
10 This type of panel is used to simply heat or cool a fluid inside the 
panel. The panel comprises a PRE-FAB main body 91, a first external 
manifold conduit 92, a second manifold conduit 93, a feed line 94, and 
an discharge line 95. Baffles 96,97,98,99 are provided in the manifold 
conduits to direct the flow of fluid inside the panel. 

15 Figure 27 illustrates a Type E PRE-FAB panel. This type of panel 

is used to construct a jacketed vessel-. : It is a single stamped panel 
and comprises a sheet of stamped metal 'lOO, a flat sheet 101 [ and a feed 
conduit and a discharge conduit. Figures 27a and 27b, respectively, 
show cross-sections of the panel taken at position A-A and B-B of 

20 Figure 27. Figure 28 illustrates a partial assembly of a jacketed 

vessel made from a PRE-FAB panel; Figure 29 illustrates a tall jacketed 
vessel made from a PRE-FAB panel. 

Although the invention has been described with reference to these 
preferred embodiments, other embodiments can achieve the same results. 
25 Variations and modifications of the present invention will be obvious to 
those skilled in the art and it is intended to cover in the appended 
claims all such modifications and equivalents. 
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CLAIMS 

What is claimed is:- 

1. A process of conducting a gas-liquid interaction, with a heat 
effect in a first mass of fluid in a first processing zone under a first 
5 pressure PI, and providing a heat interaction between the first mass of 
fluid and a second mass of matter in a second processing zone under a 
second pressure P2 through a heat conducting wall characterized in: 
that the first processing zone is within a multitude of 
vertical processing conduits formed from two sheets of heat conductive 

10 material, denoted respectively as A-sheet and B-sheet, and each sheet 

having a first surface and a second surface, wherein at least one sheet 
has alternate strips of low regions and high regions relative to the 
direction from the second surface to the first surface of the sheet, and 
wherein the two sheets are bonded along the strips of the low regions of 

15 A-sheet to form a unitary assembly with an array of alternate strips of 
bonded regions and a multitude of processing conduits that enclose the 
first processing zone, the second surfaces of the two sheets becoming 
the inner surfaces of the processing conduits and the first surfaces of 
the two sheets becoming the outer surfaces of the assembly, the strips 

20 of bonded regions providing strength against the force developed by the 
pressure differential of the two processing zones and the multitude of 
conduits enclosing the first processing zone, wherein the process 
comprises the following steps; 

a) A first step of applying' a mass of liquid that is at 

25 least a portion of the first mass of fluid on the inner surface of each 
conduit so that a film of liquid is formed o^ a major fraction of the 
inner surface, the liquid in* the film flowing downward to provide the 
gas-liquid or vapor-liquid interface needed for the gas-liquid 
interaction; . . . : 

30 b ) A- second step of transferring heat between the first 

mass of fluid in the first processing zone and the second mass of matter 
in the second processing zone through the heat transfer wall; 

c) A third step of conducting the desired gas-liquid 
interaction on the gas-liquid interface provided. by step 1 upon meeting 

35 the heat effect requirement by the heat interaction provided by step 2. 
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2. A process of Claim 1, wherein the spacing between the two 
sheets of heat conducting material in each conduit is less than 1.5 
inches 

3. A process of Claim 1, wherein the inner surface of each 

5 conduit is textured to enhance the wetting of the applied liquid on the 
inner surface of the processing conduits and thereby improving the heat 
transfer rate. 



4. A process of Claim 1, wherein the inner surface is provided 
with minor grooves running in the direction perpendicular to the 

10 direction of the processing conduits to enhance the wetting of the 
applied liquid on the inner surface and thereby improve the heat 
transfer rate. 

5. A process of Claim 1, wherein the gas-liquid interaction in 
the first processing zone is chosen from (a) vaporization, (b) 

15 desorption and (c) endothermic chemical reaction, and the heat 

interaction is effected by heat transfer from the second processing zone 
to the first processing zone. 

6. A process of Claim 1 wherein the gas-liquid interaction in 
the first processing zone is chosen from (a) absorption and (b) 

20 exothermic chemical reaction, and the heat interaction is effected by 
heat transfer from the first processing zone to the second processing 
zone. 

7. A process of Claim 1, wherein the second mass of matter in 
the second processing zone also undergoes an interaction and the 

25 interaction in the first processing zone is chosen from (a) 

vaporization, (b) desorption, CO endothermic chemical reaction and the 
interaction in the second processing zone is chosen from (a) 
condensation, (b) desublimation, (c) absorption, (d) exothermic chemical 
reaction, and (e) cooling of a fluid, and the heat interaction is 

30 effected by a heat transfer from the second zone. to the first zone. 
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8 . A process of Claim, 1 f wherein the second mass of matter in 
the second processing zone undergoes an operation, and the operation in 
the first zone is chosen from (a) absorption and (b) exothermic chemical 
reaction, and the interaction in the second zone is chosen from (a) 

5 vaporization, (b) humidification, (c) desorption, (d) endothermic 

chemical reaction, and (e) heating of a fluid and the heat interaction 
is effected by a heat transfer from the first zone to the second zone. 

9. A process of conducting a gas-liquid interaction that causes 
generation of a mass of liquid in a first processing zone under a first 

10 pressure PI and providing heat interaction between the fluid in the 

first processing zone and a second mass of matter in a second processing 
zone through a heat conducting wall characterized in that the first 
processing zone is within a multitude of horizontal processing conduits 
formed from two sheets of heat conducting material, denoted respectively 

15 as A-sheet and B-sheet and each sheet having a first surface and a 

second surface, by forming at least one sheet, say A-sheet, into a shape 

that has alternate strips of low regions and high regions relative to 

i ,' * ,\ fi •■• « 

the direction from the second .surface to the first surface of the sheet 

and by bonding the two sheets along the strips of the low regions of the 
20 A-sheet to form a unitary assembly with an array of alternate strips of 
bonded regions and multitude of processing conduits, the second surfaces 
of the two sheets becoming the inner surfaces of the processing conduits 
and the first surfaces of the two sheets becoming the outer surface of 
the assembly, the strips of botided regions, providing strength against 
25 the force developed by the pressure differential of the two processing 
zones and the multitude of processing conduits enclosing the first 
processing zone; and that the inner surfaces of the conduits are 
provided with f lutings to enhance heat transfer rate, wherein the 
process comprises the following steps: 
30 a) a first step of introducing a gas stream into the 

processing conduits at an entrance and, 

b) a second step of transferring heat from the fluid in 
the first processing zone to the second mass in the second processing 
zone, 

35 c) a third step of conducting the gas-liquid interaction 

in the first zone to thereby form a mass of liquid in the processing 
conduits , 
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d) a fourth step of draining the liquid mass through the 
flutings to the bottom of each of the processing conduits and drain near 
the bottom of each conduit to an exit, end of the conduit. 

10. A process of Claim 9 f wherein the gas-liquid interaction in 
5 the first processing zone is a condensation operation and the second 
mass undergoes an operation chosen from (a) vaporization, (b) 
humidification, (c) desorption, (d) endothermic chemical reaction, and 
(e) heating of a fluid. 



11. A process of Claim 9, wherein the gas-liquid interaction in 
10 the first processing zone is an exothermic chemical reaction resulting 
in formation of a mass of liquid and the second mass undergoes an 
operation chosen from (a) vaporization, (b) humidification, (c) 
desorption, (d) endothermic chemical reaction, and (e) heating of a 
fluid. 

15 li. An apparatus for conducting a gas-liquid interaction in a 

first mass of fluid in a first processing zone under a first pressure 
PI, the interaction requiring a heat interaction of either heat addition 
or heat removal, and providing the needed heat interactions by 
transferring heat between the first mass of fluid with a second mass of 

20 matter in a second processing zone under a second pressure P2 that 
comprises : 

a) A prefabricated main panel (denoted as PRE-FAB main 
body) that has an array of alternate strips of bonded regions and 
multitude of processing conduits aligned along a first direction and is 

25 formed from two sheets of heat conductive material, respectively denoted 
as A-sheet and B-sheet and each sheet having a first surface and a 
second surface, by forming at least one sheet, say A-sheet into a shape 
that has alternate strips of low regions and high regions along the 
first direction, and by bonding the two sheets together along the strips 

30 of low regions, to thereby form a unitary assembly having the bonded 

regions and the multitude of processing conduits, the PRE-FAB main body 
having a first edge and a second edge along the direction that is 
perpendicular to the processing conduit direction, 
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b) a first reinforcing manifold conduit for distributing 
at least a part of the first fluid that is bonded to the PRE-FAB main 
body along the first edge, the first manifold conduit helps withstand 
the force developed in the first edge region due to the pressure 

5 differential between the first pressure and the second pressure, 

c) a second reinforcing manifold conduit for collecting 
fluid that is bonded to the PRE-FAB main body along the second edge 
region of the main body, the second manifold conduit helps withstand the 
force developed in the second edge region due to the pressure 

10 differential between the first pressure and the second pressure. 

13. An apparatus of Claim 12 wherein the inner surface of the 
PRE-FAB main body is textured. 

14. An apparatus of CJaim 12 wherein the texture provided 
comprises a multitude of grooves running in the direction perpendicular 

15 to the direction of the processing conduits. 

15. An apparatus of Claim 12 wherein the gas-liquid interaction 
taking place in the first zone is selected from (a) vaporization, (b) 
desorption of a mixture containing two or more components, (c) 
absorption of a component into a liquid stream, (d) a liquid undergoing 

20 chemical reaction with a gas stream and the panel is further provided 
with a distribution means to apply a layer of liquid onto the inner 
surface, and the panel is used in a position such that the conduits are 
in vertical positions. 

16. An apparatus of Claim 12 wherein the gas-liquid interaction 
25 is condensation of a vapor stream, and the panel is used in a position 

such that the conduits are in horizontal positions. 

17. An apparatus of Claim 12 wherein at least one of the 
reinforcing manifolding conduits is made of an external tube. 



30 



18. An apparatus of Claim 12 wherein at least one of the 
reinforcing manifold conduits is an internal conduit provided with a 
reinforcement member. 
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19, An apparatus of Claim 12 wherein the conduits are vertical 
and the inner surfaces of the conduits are provided with textures to 
. enhance the wetting of liquid on the surfaces.. 

20 . An apparatus of Claim 12 wherein the conduits are vertical 
5 and the inner surfaces of the conduits are provided with mini-grooves in 
the direction perpendicular to the conduit direction. 

21. An apparatus of Claim 12, wherein the gas-liquid interaction 
is condensation of a vapor, the conduits are horizontal and the inner 
surfaces of the conduits are provided with flutings to enhance the rate 

10 of vapor condensation. 

22. An apparatus for conducting a gas-liquid interaction in a 
first fluid in a first processing zone under a first pressure PI, the 
interaction resulting in a heat effect of absorbing heat or releasing 
heat, and providing a heat interaction with a second mass of matter in a 

15 second processing zone ,under a second pressure P2, comprising: 

a) a.;* unitary assembly fiaving an array of alternate 
holding regions and multitude of processing conduits, the assembly being 
formed from two sheets of heat conductive material, denoted as A-sheet - 
and B-sheet, by forming at least one sheet, say A-sheet, to have an 

20 array of alternate strips of high regions and low regions and by holding 
the two sheets together along the low regions of the A-sheet to sustain 
the pressure differential of the two processing zones, the strips of 
high regions in the assembly becoming the multitude of processing 
conduits ; 

25 b) means of applying a layer of liquid which is at least 

a part of the first fluid on the inside surface of the processing 
conduits . 

23. An apparatus of Claim 22, wherein the inner surface of the 
processing conduit is at least partially textured to improve the 
wettability of the surfaces by the applied liquid. 

24. An apparatus of Claim 22, which further comprises at least 
one external manifold conduit for either distributing the first fluid 
into the assembly or discharging fluid from the assembly. 



30 
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25. An apparatus for conducting a gas-liquid interaction in a 
first fluid in a first. processing zone under a first pressure PI, the 
interaction resulting in a heat effect of absorbing heat or releasing 
heat, and providing a heat interaction with a second mass of matter in a 

5 second processing zone under a second pressure P2, comprising a unitary 
assembly having an array of alternate holding regions and multitude of 
processing conduits, the assembly being formed from two sheets of heat 
conductive material, denoted as A— sheet and B— sheet by forming at least 
one sheet, say A-sheet, to have an array of alternate strips of high 

10 regions and low regions, by holding the two sheets together along the 
low regions of the A-sheet to sustain the pressure differential of the 
two processing zones, the strips of high regions in the assembly 
becoming the multitude of processing conduits, that is characterized in 
having textures on the inner surface of the processing conduits to 

15 improve either the wettability and/or drainage to thereby enhance the 
heat transfer rate. 

26. An apparatus of Claim 25, which further comprises a means of 

i ; ; -i ><•:■" • 

applying a layer of liquid on the inner surface of the processing 

. i- - > n.-r.- ... 

conduits . 

20 27. An apparatus of Claim 25 which further comprises at least 

one external manifold conduit for either distributing the first fluid 
into the assembly or discharging fluid from the assembly. 
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